OSTEOPOROSIS
============

Osteoporosis is the most common bone disease in humans, representing a major health problem.^[@B1]^ It is characterized by low bone mass, deterioration of bone tissue and disruption of bone architecture, compromised bone strength, and an increase in the risk of fracture. The risk of fractures is highest in those with the lowest bone mineral density (BMD); however, the majority of fractures occur in patients with low bone mass (osteopenia) rather than osteoporosis, because of the large number of individuals with bone mass in this range. There is an estimated nine million of osteoporotic fractures worldwide in 2000.^[@B2]^ Some estimates predict a continued increase in the number of hip fractures over the next 40 years.^[@B3]^

OSTEOPOROSIS SCREENING
======================

Risk factor screening
---------------------

Assessing risk factors for osteoporosis and fracture in all postmenopausal women and men age 50 and older is recommended to identify those at high risk for fractures.^[@B4]^ The principal BMD-independent risk factors to consider include advanced age, previous fragility fracture, glucocorticoids, risk of falls, smoking, alcohol, low body weight, family history of fracture, rheumatoid arthritis, and secondary osteoporosis (e.g. hypogonadism or premature menopause, malabsorption, chronic liver disease, and inflammatory bowel disease).^[@B5]^

Bone mineral density screening
------------------------------

-   BMD assessment is recommended in:^[@B6]--[@B8]^ All women 65 years of age and older and men 70 and older regardless of risk factors;Postmenopausal women younger than 65 and men 50 to 70 years if one of the above risk factors is present;Routine BMD measurements in premenopausal women and men younger than 50 years is not recommended. BMD testing is recommended in the following conditions: History of fragility fracture.Diseases, conditions, or medications known to be associated with low bone mass or bone loss.

-   For screening BMD, Dual energy x-ray absorptiometry (DXA) is preferred over peripheral measurements.

-   Regarding skeletal site to measure, DXA of hip and spine is suggested. However, measurement of the hip alone could be sufficient in older individuals.^[@B9],[@B10]^

-   The 33 percent forearm (1/3 radius) site is recommended in the following cases:^[@B11]^ If hip and/or spine cannot be measured or interpreted;Hyperparathyroidism;Severe obesity (over the weight limit of DXA table).

Repeating BMD measurements^[@B12],[@B13]^
-----------------------------------------

-   Repeating BMD measurements may be most valuable for individual patients on therapy or with underlying clinical conditions that might lead to accelerated bone loss.

-   In women and men with advanced osteopenia (T-score −2.00 to −2.49) or who have risk factors for ongoing bone loss (e.g., glucocorticoid use, hyperparathyroidism), follow-up measurements (approximately every one to two years) is suggested, as long as the risk factor persists.

-   In women 65 years of age and older at baseline screening, with moderate osteopenia (T-score −1.50 to −1.99), and with no risk factors for accelerated bone loss, a follow-up DXA in three to five years is suggested.

-   In women 65 years of age and older with normal BMD or mild osteopenia (T-score greater than −1.5) at baseline measurement and no risk factors for accelerated bone loss, a follow-up DXA in 10 to 15 years is suggested.

DIAGNOSIS OF OSTEOPOROSIS
=========================

A clinical diagnosis of osteoporosis may be made in the presence of a fragility fracture, regardless of BMD. A fragility fracture has been defined as one that occurs after a fall from the standing position or one that is associated with low BMD and increases in incidence with age.^[@B14]^

The World Health Organization (WHO) has established a classification of BMD according to T-score that has been adapted for clinical use by the International Society for Clinical Densitometry (ISCD) (**[Table 1](#T1){ref-type="table"}**).^[@B15],[@B16]^

###### 

WHO Classification of BMD according to T-score.

  ----------------------------------- ------------------------------
  Normal                              ≥−1.0
  Low bone mass (osteopenia)          Between −1.0 and −2.5
  Osteoporosis                        ≤−2.5
  Severe (established) osteoporosis   ≤−2.5 and fragility fracture
  ----------------------------------- ------------------------------

The diagnosis of osteoporosis in clinical practice can be made by DXA using the lowest T-score of the lumbar spine (L1--L4), total proximal femur, or femoral neck.^[@B9],[@B10]^ In the hip, Ward's area, trochanter, and other regions of interest (ROIs) should not be used for diagnosis.

In postmenopausal women, The WHO classification of BMD may be applied to perimenopausal and postmenopausal women of all ethnicities.^[@B15]^ The WHO selected a T-score of −2.5 or less to define osteoporosis.

However, in premenopausal women, Z-scores, not T-scores, should be used in premenopausal women. A clinical diagnosis of osteoporosis may be made in the presence of a fragility fracture, or when there is low BMD (Z-score ≤−2.0) and risk factors for fracture, such as long-term glucocorticoid therapy or hyperparathyroidism.^[@B17]^

In men, the WHO classification may be used in men age 50 and older.^[@B18]^ In younger men, Z-scores, not T-scores, should be used, and a clinical diagnosis of osteoporosis may be made in the presence of a fragility fracture, or when there is low BMD (Z-score ≤−2.0) and risk factors for fracture.^[@B10]^

In children, the WHO classification should not be used in children and adolescents. The diagnosis of osteoporosis in children and adolescents requires the presence of both a clinically significant fracture history and low bone mineral content (BMC) or BMD. A clinically significant fracture history is one or more of the following: long bone fracture of the lower extremities, vertebral compression fracture, or two or more long bone fractures of the upper extremities. Low bone mineral content or bone mineral density is defined as a BMC or a real BMD Z-score that is less than or equal to −2.0, adjusted for age, gender, and body size, as appropriate.^[@B19]^

FRACTURE RISK ASSESSMENT
========================

Using the Fracture Risk Assessment Tool (FRAX) is recommended to guide treatment in patient with osteopenia. FRAX estimates the 10-year probability of hip fracture and major osteoporotic fracture for an untreated patient (40 to 90 years of age) using femoral neck BMD (g/cm^2^) and easily obtainable clinical risk factors for fracture (file://www.shef.ac.uk/FRAX/).^[@B20],[@B21]^

INITIAL EVALUATION
==================

The evaluation typically begins with history, physical examination, and basic biochemical testing. A detailed history and a focused physical examination are recommended to identify risk factors for low BMD, falls and fractures, as well as undiagnosed vertebral fractures. Lifestyle factors that contribute to bone loss, including smoking, excessive alcohol, physical inactivity, and poor nutrition, should be addressed. Height and weight should be measured.

Initial laboratory studies should include complete blood count, biochemistry profile (especially calcium, phosphorous, albumin, total protein, creatinine, liver enzymes, including alkaline phosphatase, and electrolytes), 25-hydroxyvitamin D, and assessment of urinary calcium excretion.^[@B22],[@B23]^

The presence of abnormalities on initial laboratory testing, suspicious findings on history and physical examination suggesting a secondary cause of osteoporosis, or Z-scores ≤ −2.0 indicate additional evaluation for these secondary causes.^[@B24]^

MANAGEMENT OF OSTEOPOROSIS IN POSTMENOPAUSAL WOMEN
==================================================

Non-pharmacologic therapy
-------------------------

-   Adequate calcium and vitamin D is recommended for all postmenopausal women with osteoporosis. In general, 1200 mg of elemental calcium daily, total diet plus supplement, and 800 international units of vitamin D daily is suggested. Some patients require additional vitamin D supplementation.^[@B25]^

-   Important additional lifestyle measures include exercise,^[@B26],[@B27]^ counseling on fall prevention,^[@B28]^ smoking cessation,^[@B29],[@B30]^ and avoidance of heavy alcohol use^[@B31]^ for all postmenopausal women with osteoporosis.

Pharmacologic therapy
---------------------

-   In addition to non-pharmacologic therapy, pharmacologic therapy is recommended for postmenopausal women with established osteoporosis (T-score ≤−2.5) or fragility fracture (hip or vertebral).^[@B32]^

-   For the treatment of postmenopausal women with T-scores between −1.0 and −2.5, pharmacologic therapy is suggested if the 10-year probability of hip fracture or combined major osteoporotic fracture of ≥3.0 or ≥20 percent, respectively.^[@B32]^ If FRAX score is not available, treatment is suggested for women more than 75 years old, or for those with 2 or more clinical risk factors.^[@B33]^

-   For the treatment of osteoporosis in postmenopausal women, bisphosphonates are suggested as first-line therapy. Oral bisphosphonates are preferred as initial therapy because of their efficacy, cost effectiveness, and long-term safety data.^[@B34]--[@B40]^

-   For most postmenopausal women with osteoporosis, alendronate or risedronate are preferred over oral ibandronate. Although oral ibandronate may be more convenient for patients, a reduction in the risk of hip fracture has not been established in randomized trials.^[@B41]--[@B44]^

-   An intravenous bisphosphonate formulation is suggested for patients who cannot tolerate oral bisphosphonates or who have difficulty with dosing requirements, including an inability to sit upright for 30 to 60 minutes. Zoledronic acid is the only intravenous bisphosphonate that has demonstrated efficacy for fracture prevention^[@B45]^ and is, therefore, suggested as intravenous bisphosphonate of choice.

-   Denosumab is suggested as an alternative option for the treatment of postmenopausal women with osteoporosis at high risk for fracture (history of osteoporotic fracture, multiple risk factors for fracture) who have failed or are intolerant to other available osteoporosis therapies) and for those who have impaired renal function.^[@B46]--[@B48]^

-   Raloxifene is suggested for postmenopausal women with osteoporosis (low bone mineral density \[T score \<−2.5\] and no fragility fractures) who cannot tolerate or are not candidates for any bisphosphonates or for postmenopausal women with osteoporosis who are also at high risk for invasive breast cancer.^[@B49],[@B50]^

-   Parathyroid hormone (teriparatide) therapy is suggested in the following situations:^[@B51],[@B52]^ Postmenopausal women with severe osteoporosis (low bone mineral density \[T score \<−2.5\] and at least one fragility fracture) who are unable to tolerate any of the available bisphosphonates.Postmenopausal women with severe osteoporosis (low bone mineral density \[T score \<−2.5\] and at least one fragility fracture) who continue to fracture after one year of bisphosphonate therapy.Postmenopausal women with osteoporosis who are unable to tolerate bisphosphonates, or who have relative contraindications to bisphosphonates (achalasia, scleroderma esophagus, esophageal strictures), in addition to relative contraindications to raloxifene (thrombosis, hot flashes), or for whom other osteoporosis therapies fail.

MONITORING
==========

For patients starting on therapy, we suggest a follow-up DXA of the hip and spine after one to two years, and if BMD is stable or improved, less frequent monitoring thereafter.^[@B53]^

MANAGEMENT OF PREMENOPAUSAL OSTEOPOROSIS
========================================

-   Adequate calcium, vitamin D, and exercise are recommended in all premenopausal women with low bone mass. Elemental calcium (from diet and supplements) of 1000 mg and 600 IU vitamin D daily is recommended.

-   In women with a secondary cause of low BMD, treatment should be targeted to that cause.

-   For premenopausal women of childbearing age potential taking or initiating glucocorticoids who have amenorrhea, oral contraceptive or hormone replacement therapy (if not contraindicated) is suggested. Bisphosphonates are an option for women with fragility fractures or accelerated bone loss (≥4 percent/year) while receiving glucocorticoids (7.5 mg prednisone equivalent for ≥3 months) who do not need estrogen replacement therapy (normal menstrual function).^[@B54]^ Teriparatide is an alternative option for such women, as long as epiphyses are fully fused.^[@B55],[@B56]^

-   For women with chemotherapy-induced early menopause with low BMD (T-score \<−2.5) and/or fragility fracture, bisphosphonates are suggested.^[@B57]--[@B59]^

-   Conservative management without specific medical therapy is suggested for premenopausal women with isolated low bone mass (no fragility fractures and no known secondary cause). These women should have a repeat bone density measurement in one year to ensure stable BMD.

TREATMENT OF OSTEOPOROSIS IN MEN
================================

The treatment of osteoporosis in men includes lifestyle measures, calcium and vitamin D supplementation, and hormonal or pharmacologic therapy. In men with osteoporosis, calcium and vitamin D supplementation is recommended. 1000 to 1200 mg of calcium (total diet plus supplement) and 600 to 800 IU of vitamin D daily are generally suggested. The dose of calcium and vitamin D may vary in individuals with coexisting medical conditions.For men with osteoporosis and symptomatic hypogonadism and who do not have any contraindications to testosterone therapy, testosterone replacement therapy is indicated.For hypogonadal men who are at high risk for fracture, the addition of pharmacologic therapy to testosterone therapy is suggested.^[@B60]^ High risk groups might include hypogonadal men whose BMD T-score is \<−2.5 even after receiving adequate testosterone replacement therapy for two years; men on high-dose glucocorticoids; men with frequent falls; men who have had a recent fragility fracture, particularly if they have a BMD T-score below −2.5 at any skeletal site; or men with T-scores below −3.5 or even below −3 if they have other risk factors for fracture.For the treatment of men with osteoporosis (T-score below −2.5 or fragility fracture) who do not have symptomatic hypogonadism or in hypogonadal men in whom testosterone therapy is contraindicated, pharmacologic therapy is recommended.For the treatment of high risk men with T-scores between −1.0 and −2.5, pharmacologic therapy is suggested. A reasonable cut point that may be cost-effective in some settings is a 10-year probability of hip fracture or combined major osteoporotic fracture of ≥3.0 or ≥20 percent, respectively.Choice of pharmacologic therapy: men seem to respond to available therapies in the same way that women respond, so that, the approach to treating men and women with osteoporosis is quite similar.

PREVENTION AND TREATMENT OF GLUCOCORTICOID-INDUCED OSTEOPOROSIS
===============================================================

General principles
------------------

-   Glucocorticoid dose and the duration of therapy should be as low and as short as possible, because even replacement doses can cause bone loss.^[@B61]^ Patients should be encouraged to do weight-bearing exercises for protection against both bone loss and muscle atrophy. Patients should avoid smoking and excess alcohol and take measures to prevent falls.

-   For all patients receiving any dose of chronic glucocorticoid therapy or initiating glucocorticoids with an anticipated duration of ≥3 months, calcium and vitamin D supplementation is recommended.^[@B54]^ Most individuals require 1200 mg of elemental calcium daily, total diet plus supplement, and 800 IU of vitamin D daily.^[@B54]^

CANDIDATES FOR PHARMACOLOGIC THERAPY
====================================

We adopt the Royal College of Physicians guidelines which recommends beginning antiresorptive therapy at the time of starting glucocorticoids (expected duration 3 months or more) in patients ≥65 years of age, or history of prior fragility fracture. Bone density testing should be considered in other individuals who will be receiving glucocorticoids for ≥3 months, and therapy considered for those with a T-score of ≤−1.5 or with a reduction of BMD \>4 percent after one year.^[@B62]^

MONITORING
==========

BMD is measured at the initiation of glucocorticoid therapy and after one year. If BMD is stable or improved, we measure BMD less frequently (every two to three years) thereafter.

CHOICE OF THERAPY
=================

For pharmacologic therapy for men and postmenopausal women, bisphosphonates is considered as first-line therapy. Alendronate or risedronate are preferred because of clinical trial data demonstrating efficacy in men and women with glucocorticoid-induced osteoporosis. For patients who cannot tolerate oral bisphosphonates or who have difficulty with the dosing requirements, intravenous zoledronic acid is a good alternative. Parathyroid hormone (teriparatide) is an option for patients who are unable to tolerate any of the available bisphosphonates or who continue to fracture after one year of bisphosphonate therapy.

For premenopausal women with fractures or accelerated bone loss who do not need estrogen replacement therapy (normal ovarian function), bisphosphonates are generally the drugs of choice. Teriparatide is an alternative option for such women, as long as epiphyses are fully fused.
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